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Resistance noise in Bi2Sr2CaCu2O8+δ
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The resistance noise in a Bi2Sr2CaCu2O8+δ thin film is found to increase strongly in the under-
doped regime. While the increase of the raw resistance noise with decreasing temperature appears
to roughly track the previously reported pseudogap temperature for this material, standard noise
analysis rather suggests that the additional noise contribution is driven by the proximity of the
superconductor-insulator transition.
PACS numbers: 72.20.Jv,72.70.+m,74.25.Fy,74.40.+k,74.72.Hs,74.78.Bz
Since its first observation in YBa2Cu3O7−δ
1, the na-
ture of the pseudogap (PG) phase observed in many un-
derdoped high Tc superconductors is the matter of in-
tense debate. Two distinct points of view still oppose.
The PG may originate from quantum disorder above
the superconducting transition temperature Tc of the
d-wave superconductor, or it is a distinct phase, pos-
sibly competing with the superconducting one. There
seems to be recent converging evidences that weaken
the former view. Indeed, some experiments and theo-
ries point toward the fact that the phase disorder mech-
anism might not be pertinent up to the temperature at
which the pseudogap opens2,3,4, while it is now well es-
tablished that the superconducting and PG phases are
associated to two distinct energy gaps5,6. At the same
time, it is now known that the short range antiferromag-
netic correlations can account for both the opening of the
pseudogap and its competition with the superconducting
order7. Despite these recent advances, there are still ar-
guments in favor of a pairing gap in the PG phase8,9
and open questions remain. The problem of electronic
inhomogeneity of the high Tc materials has been present
since the very beginning, and it was pointed out early
that the lightly doped antiferromagnet may experience
a phase separation10. Since then, it has been observed
that the underdoped high Tc material Bi2Sr2CaCu2O8+δ
is subject to electronic phase ordering11,12 and electronic
inhomogeneity13,14,15,16,17. A recent observation for the
spatial distribution of the two gaps suggested evidence
for some inhomogeneity related to the pseudogap phase
only6.
The presence of dynamic or static domains with dif-
ferent electronic properties may reflect in the transport
properties. An attempt in this direction was performed
in the work of ref. 18 which reports, for YBa2Cu3O7−δ
nanowires, the occurrence of telegraphlike fluctuations
in the resistance, in the pseudogap region. The noise
was interpreted as the evidence for the formation of dy-
namical domain structure. While the investigation of
nanowires are advantageous for both the observation of
large resistance fluctuations and an estimate of the pre-
sumed domain size (at the expend of a possibly large
boundary contribution and material degradation), large
scale investigations may reflect the same physics - al-
though with a much smaller signature - in the resistance
noise. We present here systematic resistance noise mea-
surements performed on Bi2Sr2CaCu2O8+δ conductors
in the 10 µm range as a function of doping. While at
first sight there seems to be for this material also an
additional contribution to the transport noise below the
pseudogap temperature, standard noise analysis rather
suggests that this contribution is restricted to the vicin-
ity of the superconductor-insulator transition.
In order to study the resistance noise as a function of
doping, a Bi2Sr2CaCu2O8+δ thin film, 970 A˚ thick, epi-
taxially grown on a SrTiO3 substrate
19, was patterned
in the Wheatstone bridge geometry. DC sputtered gold
contacts were deposited on the film. The maximum dop-
ing was obtained by annealing in pure oxygen at 420 ◦C
and subsequent less doped states were obtained by an-
nealing the sample under vacuum in the temperature
range 250◦C - 270◦C. Each of the four resistances of the
bridge consisted in a 400 µm x 18 µm stripe. The low
frequency bridge unbalance noise spectrum was measured
using the demodulation technique20. It was fed with a 37
µA AC current at 840 Hz frequency, using a large buffer
resistance, so that the contact resistance was negligible.
The fluctuating unbalance voltage was applied to the in-
put of a Stanford Research SR830 lock-in, and the sine-
convoluted output was analyzed by a spectrum analyzer.
The demodulation allows to reject the 1/f amplifier noise
and to benefit at low frequency from its high frequency
characteristics. The noise spectrum at each doping state
was recorded from the ambient temperature down to 90
K in a liquid nitrogen cryostat. We systematically sub-
tracted the noise recorded in the absence of the AC cur-
rent from the one with the AC current. This removes
the intrinsic Johnson noise, (4kBTR)
1/2 VRMS Hz
−1/2,
which was otherwise at least 5 dB less than the measured
sample noise. The background noise resulting from this
procedure was about −180 dB VRMS Hz
−1/2.
The noise level at frequency f = 0.2 Hz at the Wheat-
stone bridge output (equivalent to the one at a single
resistance fed by the bridge current) is depicted in Fig.1.
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FIG. 1: Lines : Voltage noise spectrum level at 0.2 Hz for the
Wheatstone bridge fed with 37 µA. Dots delimit the super-
conducting dome. The conductivity in abscissa, normalized
by its value at optimal doping (σopt = 1.7 10
5 Ω−1m−1), is
indicative of the doping level. The contour lines (separated
by 4 dB VRMS Hz
−1/2) were obtained from measurements
made every 10 K at the doping level corresponding to the
dots. Open symbols and line indicate the location for the
opening of the pseudogap, according to ref. 21.
Strikingly, not only does the noise level increase strongly
when going from the overdoped to the underdoped states,
but, also, the pseudogap opening temperature previously
obtained for this material21 appears as a crossover where
the noise level, rather than showing a steady decrease
as the temperature is lowered at constant doping, re-
mains constant or - for the most underdoped samples
- even shows a re-entrant behavior (Fig.2). As stated,
the Johnson noise cannot account for such a behavior,
as it is removed from the measured spectrum (it is also
found decreasing with temperature and, for the data in
Fig.2, 10 dB less than the displayed noise density). The
understanding of the fact that the noise level increases
for the underdoped samples as temperature decreases is
undoubtly a key to the comprehension of the crossover
depicted in Fig.1, and we discuss this point thereafter.
Our first hypothesis is that there is no change in the
electronic properties of the sample as one varies the tem-
perature (such as the occurrence of some phase separa-
tion). Although we could not precisely investigate the
frequency dependence for the noise level of our sample,
due to the rapid merging of the noise signal with the
background one for increasing frequency, we find that the
power spectrum spectral density is close to the generic
1/f behavior in the underdoped regime (Fig.2). Then, a
classical description in terms of thermally activated fluc-
tuators might be appropriate, as it is well known that
such 1/f noise is obtained in the case of a uniform dis-
tribution of such fluctuators. Within such a model, in
order to account for the non monotonic behavior of the
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FIG. 2: Noise spectrum level at 0.2 Hz for the underdoped
state with Tc = 18 K, showing re-entrant behavior. The line
is a guide to the eye. Inset : noise spectrum, illustrating the
power law behavior.
noise level, one must admit the existence of two charac-
teristic energies in the fluctuator distribution (both much
larger than kB T )
22. The observation of several distinct
activation energies corresponding to oxygen atom jump
between double-well potential minima may well be un-
derstood in the case of YBa2Cu3O7−δ, as the ordering
of the oxygen in the CuO chains plane allows for such
distinct sites23. In the case of Bi2Sr2CaCu2O8+δ, where
the mobile oxygen are confined to the BiO layers, it is
more difficult to account for these distinct sites and,
as long as doping atoms are concerned, one expects a
single activation energy for hopping (actually related to
the oxygen diffusion constant). The way this can affect
transport in the CuO2 plane was discussed in ref. 16.
Actually, a second hopping mechanism was observed for
Bi2Sr2CaCu2O8+δ from mechanical loss experiments, as-
sociated to an activation energy three times less than the
one for oxygen diffusion24. The origin of this second con-
tribution is however unclear but, according to ref. 24, the
doping dependence of this relaxation peak is similar to
that for Tc, so that a specific role of this mechanism in
the underdoped regime only seems unlikely here.
The second hypothesis is that there is a change in the
electronic topology of the hole-doped CuO2 layers. In a
general way, on expects, from the Hooge relation25,
α = N SV f/V
2 (1)
(where α is the Hooge parameter, V is the voltage, SV
is the voltage noise power density and N is the number
of carriers in the sample), an increase of the noise spec-
tral density when the fluctuating volume involved in the
conductivity decreases (i.e. when N decreases, with α a
constant). In particular, this can be the case when the
electronic transport is controlled by charge hopping : as
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FIG. 3: Contour plot for the distribution function D(E) ob-
tained from Eq.2, using τD = 10
−13 s and S(T, f=0.2 Hz)
shown in Fig. 1.
was shown in Ref. 26, one also expects an increase of the
noise spectral density as temperature decreases, due to
the decrease of the percolation resistor network density as
temperature decreases, in the case of the Mott-type hop-
ping or hopping within the Coulomb gap. The proximity
to a Mott insulator for the strongly underdoped material
makes such a mechanism appealing in our case. How-
ever, the insulator being quite far away from the opti-
mally doped regime where the additional contribution to
the electronic noise starts to manifest itself in the present
case, we are left here with a difficulty. Such a difficulty
is actually lifted by a proper analysis of the data. In the
case of a broad distribution of the activation energy for
thermally activated fluctuators involved in the transport
noise, this distribution may be obtained in a simple way
from the Hooge parameter as :
D(E) =
α(E)
kBTN
=
f
kBT
SV (E)
V 2
(2)
where E = −kBT ln(2pifτD), τD being a characteris-
tic frequency of the order of the Debye frequency. The
distribution function D(E) was evaluated in Fig. 3.
As can be seen, the distribution obtained in this way
is fairly constant and insensitive to doping (with a Hooge
parameter at optimal doping α ≈ 10−2 – assuming the
carrier density n = 4.8 1021 cm−3 – corresponding to
a moderately clean metal), and the apparent number
of defects rises sharply for the most underdoped states
only. Therefore, when analyzed in this way, the noise
increase does no longer appear as being linked to the
opening of the pseudogap, but rather to the proxim-
ity of the superconductor-insulator transition. In this
case, as stated above, the increase of the noise density
as temperature decreases is due to the percolation clus-
ter that shrinks as temperature decreases. Remarkably,
this mechanism seems effective for doping states quite far
away from the insulating one (Fig. 3), in a region where
the thermally activated conduction mechanism cannot be
detected from a straightforward analysis of the resistivity
: this corresponds to the ‘anomalous insulator’ in ref. 27
(see also Ref. 28 for further references and discussion),
where suppression of superconductivity reveals the insu-
lating behavior. Beloborodov et al29 have suggested that
the anomalous insulator may be identified – in the case
of La2−xSrxCuO4 – as a granular metal due to a phase
segregation throughout the underdoped regime, as could
be the case also for Bi2Sr2CaCu2O8+δ. Within this pic-
ture, the fluctuating bonds at the origin of the transport
noise could influence the conduction between the grains.
Let us now compare our results with the ones
in Ref. 18. In Ref. 18, the noise for underdoped
YBa2Cu3O7−δ has been resolved down to a single fluc-
tuator, which, according to the authors, could be the
switching of a single stripe domain. The typical switch-
ing time for such a domain - assumed to fluctuate be-
tween a highly resistive state and the bulk value - at
100 K is of the order of 1 s. The typical defect domain
would be set by the correlation length for a stripe, Λ ≈
40 nm, and the defect concentration was estimated c =
1%. For a frequency of the order of the switching time, τ ,
we expect for the noise spectral density SV ≈ V
2τc/N ,
where N is the number of domains, that is in our case
N ≃ 3 108 and, using V ≃ 40 mV as in the present
study, one has SV ≈ 10
−14 V2 Hz−1. This is 3 orders
of magnitude larger than typically observed here for un-
derdoped states. At the same time, the Hooge parame-
ter for YBa2Cu3O7−δ thin films grown on LaAlO3 sub-
strates, as in Ref. 18, was found in Ref. 30 also 3 orders
of magnitude larger than for the present study (see also
Ref. 23). This probably illustrates the fact that epi-
taxy on such a substrate – which is heavily twinned –
induces a large amount of defects in the grown material.
Such a contribution might have been overlooked in Ref.
18. Of course, we cannot exclude that charge ordering
anisotropy is an essential ingredient for the unstabilities
observed in Ref. 18, and that it is missing11,12 in the
case of Bi2Sr2CaCu2O8+δ, nor that the domain parame-
ters are orders of magnitude different for these materials.
However, classical fluctuators as evidenced in Refs. 30
and 23 are likely to show up in nanoscaled resistors also,
and sorting such a contribution from the proposed ex-
otic mechanism for fluctuations should be a precondition
to the full understanding of the resistance noise in these
materials.
In conclusion, we have found that the resistance noise
in a Bi2Sr2CaCu2O8+δ thin film likely arises due to the
proximity of the superconductor - insulator transition at
low doping. We found no clear evidence for an additional
contribution, that would be due to the existence of fluc-
tuating domains specific to the pseudogap state.
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